ABSTRACT Forty eight patients with moderate to severe asthma were enrolled in a double blind crossover study designed to evaluate the effects of ranitidine treatment, 150 mg twice daily for four weeks, on gastro-oesophageal reflux, asthma control, and bronchial reactivity. All 48 had a history of reflux symptoms and 27 had in addition reflux associated respiratory symptoms. Thirty two patients had objective evidence ofacid reflux on 24 hour pH monitoring (pH ofless than 4 for more than I % of the 24 hours) and 27 patients had a positive result in the acid perfusion test. Reflux symptoms were significantly improved after ranitidine treatment. Ranitidine treatment was associated with modest improvements in nocturnal asthma and daily use of inhaled bronchodilator drugs but there was no significant change in bronchial reactivity, lung function, peak flow, or the number of eosinophils in the blood. Comparisons between the effect of ranitidine treatment on asthma control were performed between patients with and without a history of reflux associated respiratory symptoms, with and without a positive result in the acid perfusion test, and with and without objective evidence of gastrooesophageal reflux. A history of reflux associated respiratory symptoms was the only factor that predicted an improvement in asthma control after ranitidine treatment. These results indicate that antireflux treatment will produce only small improvements in asthma control in asthmatic patients with a history of gastro-oesophageal reflux.
Introduction
Gastro-oesophageal reflux may occur in as many as 30-60% ofpatients with asthma and other pulmonary disorders.' It has been proposed that gastro-oesophageal reflux may cause or aggravate asthma, but the importance of this mechanism as a trigger factor has been poorly evaluated. Various pathways by which gastro-oesophageal reflux may In uncontrolled studies surgical treatment ofgastrooesophageal reflux in asthmatic patients with a history suggestive of aspiration has improved asthma control.7' 1516 On the other hand, medical treatment of gastro-oesophageal reflux in patients with asthma and indirect signs of reflux has failed to produce any major effect on respiratory function.'7 8 It is not clear whether the ineffectiveness of medical treatment is due to insufficient prevention of reflux or to poor selection of asthmatic patients with respect to the severity of reflux.
The purpose of this investigation was to determine whether treatment with the H2 receptor antagonist ranitidine could improve asthma control or bronchial reactivity or both in a group of asthmatic patients with a history of gastro-oesophageal reflux, and whether any factors predicted which patients with asthma would benefit from antireflux treatment.
Patients and methods
Fifty patients with asthma and with symptoms of heartburn or acid regurgitation, or both, more than once a week gave informed consent to this study. The patients were selected with respect to their gastrooesophageal reflux symptoms from a population of 350 patients with asthma attending the hospital outpatient clinic. All patients had also had asthmatic symptoms during the month before the study. Most patients had had moderate or severe asthma for several years and 20 of the 48 required oral corticosteroids to control their disease (table 1) . The diagnosis of asthma was based on the criteria established by the American Thoracic Society.'9 Twenty seven patients gave a history ofone or more reflux associated respiratory symptoms-that is, a vague feeling of respiratory distress, wheeziness, or cough in connection with heartburn or acid regurgitation.
Before they entered the study an acid perfusion test20
and 24 hour pH monitoring2' of the distal oesophagus were performed. The acid perfusion test was considered to give a positive result if heartburn could be reproduced three times within 30 minutes and if the symptoms had been experienced during the last two weeks. A pH of less than 4 for more than 1% of 24 hours was considered to provide objective evidence of gastro-oesophageal reflux.2' Patients were given a four week supply of either ranitidine, 150 mg to be taken twice daily, or an identical placebo in randomised order according to a double blind crossover design. The treatment periods were preceded by a two week run in period and followed by a two week washout period.
Patients recorded symptoms of asthma immediately on awakening in the morning, during the day, and at night in a diary for each day of the 12 weeks of the study. The patients also noted sensitivity to airborne irritants (such as perfume, smoke, and dust), reflux symptoms, and the level of physical activity during the day. All features were graded for average severity on a scale of 0-3; zero indicated no symptoms and 3 the most severe symptoms. The daily use of inhaled bronchodilator drugs (number of puffs) and any change of regular medication were also recorded.
All current antireflux treatment was withdrawn at the start of the study but antacids were allowed when needed. The patients were provided with a mini Wright peak flow meter and were asked to make three measurements immediately on waking and before retiring in the evening. The highest value was recorded in the diary.
FEV, measurements, blood eosinophil counts, and Ekstrom, Lindgren, Tibbling histamine challenge tests were performed on the last day of each treatment period. A dry spirometer (Vitalograph, Buckingham) was used to measure FEV, and the histamine provocation test was performed by a method similar to that described by Cockcroft and coworkers.22 A jet nebuliser (Aiolos System, Karlstad, Sweden) was used with a constant output of0 7 ml/min; it gave an average particle size of 4 pm. Change in FEV, was plotted against log dose histamine and the dose that caused a 20% fall in FEV, (PC20) was determined by interpolation.
STATISTICAL ANALYSIS PC20 values were log transformed before analysis. Wilcoxon's signed rank test was used to compare mean symptom scores and peak flow (PEF) values over the four weeks that the patient received ranitidine or placebo. The Mann-Whitney U test was used for comparing subgroups. A three way analysis of variance was used to determine which factors used to divide patients into subgroups predicted a response to ranitidine treatment.
Results
Forty eight patients completed both test periods. The mean (SEM) percentage of the 24 hours of monitoring in which reflux was shown to be present (pH < 4) was 4.4 (0 6). Thirty two patients had objective evidence of reflux as categorised above from 24 hour pH monitoring and 27 patients had a positive result in the acid perfusion test. Two patients were withdrawn from the study owing to poor compliance with the study protocol. Reflux symptoms were significantly improved after ranitidine treatment (figure). There were also significant though clinically modest differences in nocturnal respiratory symptoms and inhaled beta2 adrenoceptor agonist requirements between the ranitidine and placebo treatment periods (figure). Respiratory symptoms in the morning and during the day, physical activity, histamine PC20 values, FEV,, PEF, and the number of blood eosinophils did not differ significantly between the placebo and ranitidine treatment periods (table 2) . Complete relief of asthma symptoms was not seen in any patient during ranitidine treatment. Patients with severe and poorly controlled asthma did not respond more favourable to antireflux treatment than patients with more stable disease.
Patients were divided into two subgroups according to whether they did or did not have a history of reflux associated respiratory symptoms, whether they had or did not have a positive result in the acid perfusion test, and whether they had a total reflux time of more than 1% of the day or of up to 1%. The most pronounced improvements in respiratory symptoms with ranitidine were found in the subgroup with a history of reflux associated respiratory symptoms (RARS +; n = 27; table 3). Patients without a history of reflux associated respiratory symptoms (RARS -; n = 21) showed no response to ranitidine treatment (table 3) . Reflux associated respiratory symptoms were not found significantly more often in those with a positive result in the acid perfusion test (63%) than in those with a negative result (48%) or in those with objective evidence of reflux (63%) than in those without (44%). When patients with a positive and a negative result in the acid perfusion test and those with gastrooesophageal reflux for more than 1% and for up to 1% of the day were compared there were no significant Only measurements with significant differences between ranitidine and placebo treatment periods are given. MDI-metered dose inhaler. differences for any of the respiratory assessments.
There was no significant difference in the use of concomitant asthma medication between the two treatment periods ( 
Discussion
Antireflux treatment with the H2 receptor antagonist ranitidine was associated with a substantial reduction in reflux symptoms and a small improvement in nocturnal respiratory symptoms and daily use of inhaled bronchodilator drugs. Objective measurements of lung function and bronchial reactivity were not affected by ranitidine treatment.
The efficacy of medical antireflux treatment on the symptoms of asthma has been reported by other authors.78" 24 Objective improvement in respiratory function has, however, been lacking or, when shown, it has not been impressive. 24 In agreement with our findings, Goodall et al8 showed improvement of nocturnal respiratory symptoms after cimetidine treatment, whereas the overall effect on asthma was minimal. The relatively modest effect of medical antireflux treatment on asthma control in our study could be explained by insufficient prevention of reflux despite substantial effects on heartburn and regurgitation symptoms. The effects of ranitidine on gastrooesophageal reflux were Our study lends no support to the hypothesis that gastro-oesophageal reflux will increase airway responsiveness, as has been suggested by others.'3 14 H2 receptor blockers may, however, affect histamine induced bronchoconstriction, though this is disputed. Some authors have found a slight potentiation of histamine responsiveness in asthmatic patients with cimetidine,26 but others have found no effect2728 and Eiser et al9 showed a small but significant inhibitory effect from intravenous cimetidine. We found no difference in histamine reactivity between placebo and ranitidine treatment periods.
In conclusion, when possible trigger factors in asthma are being evaluated a careful history of reflux symptoms should be taken and antireflux treatment should be considered in patients with reflux associated respiratory symptoms. Antireflux treatment is Ekstrom, Lindgren, Tibbling unlikely to have a large effect on asthma control, but it should relieve heartburn and other reflux symptoms.
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